CyberKnife radiosurgery is performed for intracranial as well as extra cranial targets. Lung target is one among the extracranial site which is treated with dedicated tracking methods. Anatomy of lung is highly inhomogeneous and it requires accurate dose calculation algorithms like Monte Carlo algorithm.
Monte Carlo Dose Calculation Algorithm in CyberKnife Treatment Planning
Multiplan is the dedicated CyberKnife stereotactic radiosurgery TPS. Multiplan TPS is one among the treatment planning systems which uses
Monte Carlo dose calculation algorithm. Multiplan system has Ray Tracing dose calculations algorithm also, in addition with the Monte Carlo algorithm.
There According to Wilcox et al (2010) the discrepancies between the Ray tracing and Monte Carlo algorithms are larger for plans using smaller collimator sizes.
Depth dose studies of Yamamoto et al (2002) state that the discrepancy between the Monte Carlo calculated and measured depth dose curve increases with decreasing field size. According to Sharma et al (2010) there can be significant differences between Ray tracing and Monte Carlo calculations in a heterogeneous medium.
Monte Carlo Dose Smoothing Algorithms
The Monte Carlo calculations in the Multiplan treatment planning system are associated with a smoothing algorithm. These algorithms are prone to create discrepancy in the final dose distribution as the smoothing principles are different in each smoothing algorithm. The influence of these Monte Carlo dose smoothing algorithms are not yet studied in depth. The present study is to analyze the influence of these Monte Carlo dose smoothing algorithms in a lung phantom which has the greater extent of heterogeneity.
MATERIALS AND METHODS

The Lung Phantom
The X-sight® Lung Tracking lung phantom (Computerized Imaging Reference Systems, Norfolk, VA, USA) which is used for performing the end to end test of dynamic lung tumor tracking in CyberKnife, was considered for this study. This XLT lung phantom (Figure 9 .1) contains anthropomorphic spine with cortical and trabecular bone, ribs, lung lobes and a lung tumor-simulating target. The first shell covered a radial width of 2 mm around the target.
The second shell covered 3mm radial width around the first shell. The third shell covered 5mm from the second shell. Similarly the final fourth shell covered a radial with of 15mm around the third shell. The dose limit set for the first shell was 100% of the target dose. Similarly the limiting dose of 85%, 60% and 25% of the target dose were set for the second shell, third shell and the fourth shell respectively. The goal to the target dose coverage was set as 60Gy in 4 fractions and it was set for optimal conformity. The Ray tracing algorithm was selected for the dose calculations. The optimization was executed in low resolution. Once the optimization was completed the high resolution calculations were performed. In Multiplan planning system the maximum dose was taken as the default normalization dose. The isodose covering the 95% of the target was selected for prescription and the prescription dose in this study was 60 Gy.
In 
Principles of the Dose Smoothing Algorithms
The average smoothing algorithm computes the average value within a 3x3x3-voxel cube surrounding the calculation voxel.
Weighted averagealso does the same but with weighting factors which decreases with distance from the central voxel.
Gaussian algorithm gives the convolution of the dose distribution with a 3D Gaussian function and the standard deviation of the Gaussian function can be selected by the user. Two different standard deviations ( = 0.2 and = 3) are taken for the present study.
Clipped Gaussian also does the same but the outcome of the Gaussian function is modified so that the difference between the raw dose and the smoothed dose exists within the statistical uncertainty in dose calculation at each voxel.
Desparkled-Only algorithm removes the artificial hot spots at voxels with greater uncertainty.
All the smoothing algorithms were introduced in the Monte Carlo dose calculations independently and the results were analyzed and compared.
Treatment Plan Evaluation for Comparison
The CyberKnife treatment plans of different Monte Carlo dose smoothing algorithms were evaluated for target coverage and sparing of the OAR.
The formulae used to calculate the conformity index and the homogeneity index are given below.
Where, V RI is the actual volume including the target, receiving the prescription isodose or more, TV is the volume of the target, and TV RI is the volume of the target which receives the prescription isodose or more.
The homogeneity index is given by,
Where, D 2% is the dose received by only 2% of the target volume, D 98% is the dose received by 98% of the target volume and D 50% is the dose received by 50% of the target volume.
For the OARs spine, ipsi-lateral lung and contra lateral lung the V 100% , V 80% , V 50% , V 30% , V 10% , V 5% were evaluated in terms of the volume in cubic millimeters.
The P-values were calculated from the two tailed Student's T test and tabulated accordingly.
RESULTS
The target doses D 98% , D 95%, D 90% , D 50% , D 10% and D 2% are shown in Table 9 .1 for the Ray tracing algorithm and for all the Monte Carlo smoothing algorithms. Monte Carlo smoothed doses were found to be lesser than the doses calculated by the Ray tracing algorithm. The Ray tracing calculated dose distribution is shown in Figure 9 .2. showing same results when the standard deviations selected was low.
However they were differing in smoothing when high standard deviation was selected. D 98% was the lowest for Clipped Gaussian algorithm and it was 50.56Gy. Except D 98%, all other volume doses were smoothed for a lowest by the Average smoothing algorithm. The dose distribution which was smoothed by the Average algorithm is shown in Figure 9 . Desparkled-only algorithms are shown in Figure 9 .5, 9.6, 9.7, 9.8, 9.9, 9.10 and 9.11 respectively. Table 9 .3. analysis of contra lateral lung and spine are shown in Table 9 .4. The dose volumes of the ipsilateral lung are given in Table 9 .5. Inappropriate choice of smoothing algorithm may lead to under or over dosage in lung targets.
